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Abstract 

Cartan’s supersymmetriy fixes couplings of two types of fermions ip, cp and two types 
of vector fields Xi and Xj/, {i = 1 , 2 , 3 , 4 ). The electromagnetic interaction of leptons 
and quarks is expressed as ^ipCxiip. In the case of coupling of leptons and quarks 
with W, we extend the coupling ^cpCXip to ^(pCX{l — where A = Xj or xj, and 

unify the interactions in the form ^(pCxiip + ^(pCxpCip, where x* implies appropriate 
Xi or (—75X4) is chosen. The 75 term induces in time component of —)• J/'^, 

with the s quark dominated by the small component, while in space components 
of —>• J/^, with the s quark dominated by the small component. This 

asymmetry could be the origin of the CP asymmetry in the B^ —)• J/T. 

We apply the model to B^^^^ —)• decays and study violation of CP symme¬ 

try via interference of tree and penguin contributions, and observe that the asymmetry 
is weak consistent to the experiment. 
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1 Introduction 


Violation of CP symmetry was observed in the difference of —)■ + X decay and 

—)■ + X decay, where data with X chosen to be J/\I/ or tt^ BE]- In the experiment 

of producing B^,B^ entangled state in the T(4S') resonance decay, conditions of B^ or B^ 
decay into £^X or i~X and another B^ or B^ decay into or were chosen. 

We consider violation of CP symmetry or time reversal symmetry in the decay of B 
mesons observed in the difference of 

P° ^ P+(rz/^ + X, v.s. P° ^ B_{tiye + X, 

where Kg and Kg are linear combinations of K^ and K^, 

\Kl) =Af{p,\K^)-qk\K^)) 

\Kl)=Af{p,\K^)+q,\K^)), 

where Af =1/-s/pl + ql- 

From the difference of experimental data of 

P° ^ 7r-X+ v.s. P° ^ TT+X" 

one can evaluate the CKM angle 7 and CP violation[3lll], but we do not take this approach, 
since an entangled neutral B meson state T(4S') affects the phase ypQ. 

Cartan’s supersymmetry [5] dehnes the interaction of spinors ( quarks or anti-quarks in 
P° meson) and vector particles {W, Z bosons or 7 particles). In our application of the 
model to the electro-magnetic decay of a Higgs particle (P° —)■ 77) and weak decay (P° —)■ 
WW) |6l [71 m |9] suggest that the quark-gluon and the quark-photon interaction of Cartan’s 
supersymmetry could give clear signal of violation of the CP symmetry. In the standard 
model, CP symmetry violation occurs from the interference of the tree diagram amplitude 
and the penguin diagram amplitude [2]. Typical tree diagrams and penguin diagrams of this 
decay are shown in Fig JT] and Figj2l 
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Figure 1: Typical tree diagram of Figure 2: Typical penguin diagram of —)■ 

J/T decay. Vd, and Vcs are CKM am- J/T decay. In our model we include the 

plitudes. loop of 7 s in addition to that of W bosons. 

The decay rates of —)■ / is parametrized as 

Fbo(bo)^/ oc + {-)[Sf sm{AmdAt) - Cf cos{AmdAt)]}, 

where At = tcp — tflavor is the difference of the decay time to the CP eigenstates and the 
decay time to the flavor eigenstates, and Am^ is the mass difference between the physical 
states of the neutral B meson systems. The decay time difference At is approximately given 
by the distance Ad between the decay points and the Lorentz boost /Sy as At ~ Ad/(3'yc. 

Adopting the parametrization of the low mass eigenstate B^ and the high mass eigenstate 
Bh as 

\Bl) oc Py/l — z\B^) — qy/1 z\B^) 

\Bh) oc py/l + z\B^) + qs/l - z\B^), 

where \q/p\ = 1 and z = 0, if symmetry holds. The amplitude Sf and Cf are parametrized 
as 

Sf = 2ImXf/{l + \Xfn Cf = {l- \Xf\^)/{l + \Xfn 
where using the CP parity rjf = —for / = and 

= Vfi(l/p)i^f/Af){pK/qk)- 
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Here Af/Af is the ratio of the ^ f and ^ f decays. 

Experimentally, violation of CP or time reversal symmetry can be observed via difference 
of At dependence of B^ tagged events and B^ tagged events[Il| 2 ]. The difference of B^ tagged 
events and B^ tagged events shows the direction of the time axis| 10 ]. 

The propagator between vertices and Vcs is assigned as a IT boson, and the source of 
cc in the penguin diagram is assigned as a 7 photon or Z boson. In our model, a 7 particle 
is emitted from a quark in B^ or B^ as 

-eAf,)- m)'4)L- 

The quark which consists of pj and its small component Cp) interacts with an anti-quark 
(pL which consists of 0 and its small component C(p. A 7 particle A^ is emitted also from cpi 
as 

-eA^) - nPjcpL- 

In the SU{2) x 17(1) theory, A^, and are related to the gauge helds A'^ and B'^ by 

= sin OwA'J^ + cos 9wB'^ 

= cos OwA'J^ — sin O^B'^ 

M7 = (7"=Fi<7V2, 

where 9w is the Weinberg angle. 

In the standard model, the weak interaction is described as|llj 

i’L'lAiSf + aA'^S,, + 

+47'‘(i4+9i-!^B.)4. (1) 

where and 6 ^ are right-handed spinors. The weak isospin of quarks or leptons are dehned 
by y^. The isospin of Wq and B^ are rotated, and physical states A^, and 'tpL appear. 
We expect that physical appear together with the physical 'ipi- 


4 




The Cabibbo-Kobayashi-Maskawa (CKM) amplitudes Vcs, Vcb, Vcd are parametrized as 

K. = l-^A2-^A^(l + 4kl2) 

Z o 

Vcb = AlA^ 

Vcd = ~A +-y4^A^[l — 2(p + ir])] 

where A ~ 0.23. 

Large Vcs = 0.973 yields strong —)■ + X{K^ + X) decay modes. The decay 

mode B^{B^) —)■ D*~i~ui) is strong due to relatively large Vcd = 0.225 and small 
Vub = 0.00355 and Vcb = 0.0414. The relation Vcb = = 0.0414 requires A = 0.78, while 

Vcs = 0.973 requires A = 0.38, and the parametrization of the CKM amplitudes are not 
completed. We study also the decay of B°{B^) —)■ D^D~ and Bs{Bs) —)■ DfD~. 

In section 2, we explain Cartan’s supersymmetry in B^ —)■ 77° J/T interaction, and in 
section3, we explain differences of —?■ D^D~ and Bg —)■ B>fD~ from Cartan’s supersym¬ 
metry. 

2 Cartan’s supersymmetry and weak interactions 

We want to reproduce the qualitative features of CKM amplitudes from the trialty model. 
In the previous work[8], we could understand absence of i?s(0''')''' i?s(0“)7r+, and pres¬ 
ence of —?• iA*(0’'')’'' —?■ iA5(0“)7r’'' from the triality selection rules that Cartan’s 

supersymmetry predicts [5l [6l [7]. 
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We define a Dirac spinor composed of ifj and Cip 


f/’ = 'Cl* + ^23 + + ,^ 4 / 

C 4 + *^3 *Cl ~ ^2 

y *Cl +6 C 4 - *6 y 
C'C’ = “^234* ~ 'C 314 J ~ '^124^ + 'Cl23-f 

■^123 ~ *Cl24 —*'^234 + CsU 

^ —*'^234 — C314 'C123 + *'Cl24 

and another Dirac spinor composed of 0 and C0 


\ 

/ 


(j) = 'C 14 * + 'C 24 J + '^34^ + ^qI 

■Co + *'^34 *'Cl4 — 'C24 

^ fCl 4 + 'C24 'Co ~ *C 34 y 

C4> = —C23* — CsiJ — Cl2fc + Cl234-f 

C 1234 — fCl2 —*C23 + C 3 I 
^ —*C 23 — Csi C1234 + *Cl 2 y 
which interact with four dimensional vector helds X. 

The trilinear form of electromagnetic interaction in these bases is 

X = ^(j)CX%l) = *0702^^7^*/’ 

= 2 ;i(Ci 2C314 — C31C124 — C14C123 + C1234C1) 

+ 2;2(C23 Ci 24 — C12C234 — C24C123 + C1234C2) 

+ a;3(C3iC234 — C23C314 — C34C123 + C1234C3) 

+ a;4(—C14C234 — C24C314 — C34C124 + C1234C4) 
+ a;i'(—C0C234 + C23C4 — C24C3 + C34C2) 

+ 2;2'(—C0C314 + C31C4 — C34C1 + C14C3) 

+ 2;3/(—C 0 C 124 + C 12 C 4 — C 14 C 2 + C 24 C 1 ) 

+ a;4/(CoCi23 — C23C1 ~ C31C2 — C12C3) 


( 2 ) 


(3) 


(4) 
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In the case of weak interaction, we replace the coupling 70 x^ 7 ^ to 7 ox^ 7 ^(l — 75 ) and try 

to make the couplings between fermions and vector particles become unihed in the form 

4 

^^{xiCcpC'ip + Xi'Cclyip) 

i=l 

by suitable choice of 1 or —75. 

Except the term a;4/.^o'Ci235 which is Xii(j)C'ip type, it is possible by the following choice 

G = 2:1(^12^314 - 61624 + (6475)623 - 6234(756)) 

+ 2:2(63624 — 62634 + (6475)623 “ 6234(756)) 

+ 2:3(61634 — 63614 + (6475)623 — 6234(756)) 

+ 2 : 4 (( 6475)634 + (6475)614 + (6475)624 - 6234(756)) 

+ 2:1/((675)634 + 636 — 646 + (“6475)6) 

+ 2:2'((675)614 + 616 “ 646 + (“6475)6) 

+ 2:3/((675)624 + 626 “ 646 + (“6475)6) 

+ 2:4/(6623 “ 636 “ 616 “ 626)- (5) 

We allow also direct channel couplings of ^(j)Cx 4 C(j) and ^ipXi'ip. 

Experimentally, violation of CP was observed in the decay of and Bg around 1997. In 
the case of i? —)■ 77vr, there is a constraint on the unitarity angle 7 , which is called Fleischer- 
Mannel bound by Grossmann et aipm. They derived the bound for the angle 7 of unitary 
triangle, sin^ 7 > 7? + 1.645(Tr, with R = 0.65 + / — 0.40 and the uncertainty ctr. 

In comparison to B ^ Ktt decay, 7?° —)■ 77°J/4/ contains weak hnal state interactions. 
In order to evaluate the B^ —)■ 77°J/T decay amplitudes we £x the initial conhguration of 
B^ = db and the hnal conhguration 77° = ds, J/'^ = cc, and a quark is expressed as a Dirac 
spinor and an anti-quark is expressed as a Dirac spinor *(0,C^). 

In penguin diagrams of 7?° —)■ 77°J/T, an anti-quark b emits a vector particle x'^ and 
transforms itself to a c quark, emits a vector particle x'^ that changes to a J/T, and absorbs 
the vector particle and transforms itself to a s quark. Couplings of loops of a vector particle 
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and an antiqnark can be 11 type, shown in Figj3] and 7575 type, shown in FigJU We can 
combine the 7575 and the 11 type to make the effective conpling (1 — 75)(1 — 75 ) type. 

In pengnin diagrams of —)■ a qnark b emits a vector particle x'^ and transforms 

itself to a c qnark, and emits a vector particle x'^ that changes to a J/tk, and absorbs the 
vector particle and transforms itself to an s qnark. Conplings of a loop of vector particles and 
an antiqnark can be 11 type, shown in Figj5]and 7575 type, shown in FigJHl The conpling 
of a c qnark and a vector particle 0:4 is psendoscalar, which we indicate by (ps). 

The pengnin diagrams of K^J/^ of 11 type are simple charge conjngation of 

B^ —>■ bnt those of 75 type are different. Space components of the b qnark in B^ are 

small components of Dirac spinors, while those of the b qnark in B^ are large components 
of spinors. It means that amplitndes of 75 contribntion in B^ —)■ J/\k are snppressed as 
compared to B^ J/\k. 

In the B^ —)• J/\k decay, there are tree diagrams of type I, in which vector particle of 
cc is emitted from 6 , or tree diagrams of type II, in which a vector particle that decays to cs 
is emitter from s, and after final state interactions J/\k and are created. 

In the analysis of Conlomb interaction between electrons and holes nsing qnaternion 
basis [ 12 ], it was necessary to make conplings of a photon X 4 to an electron and a photon X 4 
to electrons eqnivalent, for reprodncing electron-hole interactions. 

In the present case, conplings of a vector particle x'^ prodnced from a £i pair of J/\k to a g 
of B, and conplings of a vector particle x^ produced from a qq pair in J/\k and a g in are 
equivalent, and we can create a (j)'j 5 C'ip or C075'^ vertex of x^ from the source of X 4 . By the 
final state interaction, the created c and c interchanged from b in B^ produce J/\k meson, and 
the created s quark and the original d quark of B^ produce a meson. In the evaluation 
of the matrix elements, we choose the original quark and the original anti-quarks are large 
components, if it is possible. The time component of the amplitude of B^ —)■ J/\k and 
B^ — >■ J/'ip of 7575 type contains the small component ^1234 and they are expected to be 
much smaller than those of the 11 type. 
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Figure 3 : Typical diagrams of —)■ J/T decay, penguin diagram 11 type. In the J/T 

configurations, X4 decays to 6^23, 661 or ■^362- 
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Figure 4 : Typical diagrams of —)■ J/T decay, penguin diagram 7575 type. In the J/T 

conhgurations, X4 decays to ^^3, 661 or ^3^12. 
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Figure 5: Typical diagrams of —)■ J/T decay, penguin diagram 11 type. 


In the J/T 


final states, a vector particle decays to .^ 1 .^ 23 , 'C 2 C 31 or 'C 3 'Ci 2 - 










Figure 6 : Typical diagrams of 5° —)■ J/T decay, penguin diagram 7575 type. In the J/T 

final state, x^' decays to ^ 163 , 661 or ^ 3 ^ 12 . 
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Figure 7: Tree diagrams of —)■ J/'^ decay (type I). The J/T is produced from the 

vector particle x'^. 
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Figure 8: Tree diagrams of —)■ J/'^ decay (type II). The J/T is not produced from 

the vector particle x'^. 
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Figure 9 : Typical tree diagrams of type II —)■ J/T decay (left) and —)■ J/T 

decay (right). 

In the case of 11 type interactions, diagrams of type I is symmetric under charge conju¬ 
gation, but diagrams of type II B^ —)■ J/T and B^ —)• J/T as shown in Figl 9 ]are not 
symmetric. The 11 interaction of B^ J) J consists of c(^o)c(^4) and consists 

of s(.^i234)d(^4), i.e. has the small component .^1234, or the strength of the tree diagram of 
cc becomes weak, same as in penguin diagram of 7575 type and the number of difference 
of events N^o — Nbo becomes large. In the case of space components of B^ —)■ J/T, 
suppression of J/T creation occurs, but it would be difficult to detect from experimental 
data of ccK^. 

The 11 interaction of 5 ° —>■ J/T consists of 0(^4)0(^1234), and consists 

of d{^4)s{^o), i.e. J/T has the small component .^i234- Effects of this suppression on the 
strength of the ccK^ may be difficult to detect, but in the case of the space components of 
Bg —)■ •//Ik, suppression of creation occurs, and becomes weak, same as in penguin 
diagrams of 75 type, and the number of difference of events N^o — Nbo becomes small. The 
B^ tags and the B^ tags in 

The above properties are what the BABAR experiment of oc of B^ tags and B^ tags 
in the At = tcp — tflavor > 0 region show [2]. 

The experimental data of CP even hnal states | 2 ] shows enhancements in raw CP asym¬ 
metry in I At I ~ 6ps region. We expect this is the contribution of type II tree diagram gen¬ 
erating K^{s{^4)d{^o)), and that of 7575 type penguin diagrams generating K^{d{^o)s{^i)) 
which is stronger than P°(d(^o)s('Ci234))- 
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Figure 10 : CP asymmetries in J/^K decay of CP-odd final state (left) and CP-even 

final state (right). 

In our B decay to J/d'iP, the CP-odd hnal state of [ 2 ] can be approximated by 
(e(t-i)/i6[i + cos[Ams(t - 2)]))^ - (e-(*+^)/^®(l + cos[AmB(t + 2)]))^ 


= e 


(t-i )/84 AmB(t 2) _ ^^^4 AmBjt + 2) 

2 2 


( 6 ) 


and CP-even hnal state of [ 2 ] can be approximated by 


.(g(i - cos[Ams(f - 2)]))^ - -(e 


2 _ -L , (t+l)/l6/.| _ 




sin" sin- 


,1 

2 


(1 - cos[AmB(f -h 2)]))" 

Ams(t + 2) 


( 7 ) 


2 2 2 2 

where ArriB = 0 . 463 ps“" is hxedjl], which are shown in FigJTOl Center of an elliptic disk is 
that of an experimental point, and the error bar of the asymmetrys are hxed to 0.2, and the 
ratio of error bars in asymmetry axis and in At axis is hxed to the goldenratio (1 -|- \/b)l 2 
which ratio is the value used in Mathematica for presentations of asymmetry curves. 

We expect that the experimental asymmetry of B^ —)■ J/\k and B^ —)■ J/\k at large 
At can be understood from the hnal state wave functions caused by the 1 — 75 vertexes. 


3 decay into D^D and decay into 

Cartan’s supersymmetry based on Clihord algebra presents large asymmetry between the 
weak decay of fermions 'ipL and C 0 l- The origin of the discrepancy between the raw asym¬ 
metry of CP even hnal states J/TiF£ and the best ht projection in At of B^ tagged events 
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and tagged events [2] is expected to be dne to the 7575 type pengnin interaction. One 
can ask whether similar effects can be seen in other decay processes leading to different ffnal 
states. 

There are analysis of CP symmetry in —)■ B^ — D ~and 5 ° —)■ 

In the analysis of B^ pengnin diagrams of 75 were not inclnded and the CP 

asymmetry was not observed. Resnlts of B^ — [T 5 l [T6] is less clear than that of 

In the pengnin diagram of B^ —)■ J/TR"®, the vector particle cc emitted from the anti¬ 
quark transformed to J/T, while in the case of B^ — D~^D~, the c is absorbed in D~ and 
c is absorbed in D^. There is not large differences in penguin diagrams and tree diagrams, 
and clear CP asymmetry was not observed. An experiment of B^ —)■ using partial 

reconstruction of B^ —)■ and a kaon tag[TH] does not show clean CP asymmetry. 

4 Discussion and conclusion 

We applied Cartan’s supersymmetry to weak interaction and analyzed the B^ —)■ J/T 
and B^ —and B^ —)■ D~ decay using vector particles Xi and x[ {i = 1 , 2 , 3 , 4 ) 
and assigning couplings to quarks by 1 — 75 vertices, and inducing effective couplings of W 
bosons, Z bosons and photons. 

We observed that the CP symmetry of B^ —)■ K^J/'^ is violated, while that of B^ —)■ 
and —)■ D~D^ are not strongly violated. In these decay processes, there appear 
penguin diagrams and tree diagrams, and in the CP asymmetry of B^ —)• K^J/'^ and 
B^ —>■ J/T, space components of penguin diagrams of 7575 type and the time component 

of tree diagrams of 75 type play important roles in changing the strength of ccK^ events 
and ccK^ events, where cc is not necessarily the J/T state. 

We showed that Cartan’s supersymmetry is a useful tool for analyzing violation of CP 
symmetry of B^,B^ and P°,P° systems. Difficulties in choosing appropriate CKM ampli- 
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Figure 11 : Penguin diagrams of ^ D D~^ decay. 
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Figure 12 : Tree diagrams of —)■ H D~^ decay. 
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tudes Vcs, Vcb and Vd that explain B ^ ii and Bg —)■ ii consistently can be removed by 
an appropriate assignment of the strength of pengnin diagram amplitndes and tree diagram 
amplitndes [T9] . 
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